The creation of fuels and large volume chemicals (such as olefins) from crude oil feedstocks involves the hydrogenation of unsaturated hydrocarbons. These processes involve numerous catalytic reforming and hydrogenation/dehydrogenation processes, and are generally mediated by supported metal nanoparticle catalysts. These catalysts are generally chosen for their high activity, long term stability and the ease with which they can be regenerated and recovered. However, despite the extensive use of these materials, there are many questions that remain about how specific attributes of the structure and composition of the catalysts are affected by the gases with which they interact. Furthermore, it is critically important to understand how these structural changes affect selectivity, as well as how deactivation occurs because of the conversion process.
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In this work, we will describe how we use a multi-modal, operando experimental approach to understand the subtle changes that occur to both the atomic structure and the chemical state of palladium nanoparticle catalysts supported on SiO 2 during the hydrogenation of ethylene. The core of this approach is the use of a closed-cell microreactor [1] that allows sequential experimental investigation via scanning transmission electron microscopy (STEM), x-ray absorption spectroscopy (XAS) and microbeam infrared spectroscopy (µ-IR), and gas-chromotography/mass spectroscopy (GC-MS), with all measurements being made in the same operando reaction conditions.[2]
We will describe how this approach allows us to directly correlate the measurements in a robust fashion, leading to novel insights regarding several aspects of ethylene conversion. In specific, we will describe how the specifics of reactive gas composition lead to interconversion of both hydride and carbide phases of the Pd clusters, which processes affect the stability of the particles against coarsening, the reversibility of structural and compositional transformations and the role that surface oligomers that form under hydrogen limited reactant conditions, leading to deactivation.
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